The bladders of six minipigs, three normal and three obstructed, were subjected to a fixed stochastic volume perturbation about a constant volume level, and evoked pressure changes were measured. The hydrodynamic stiffness transfer functions relating volume and pressure were calculated and parameterized by a second-order lumped parameter model having inertial, viscous and elastic terms. Estimates of the elastic constant (K) increased linearly with tonic level in both normal and obstructed animals. The rate of increase was substantially greater in the obstructed animals than in the normals.
INTRODUCTION
Bladder outlet obstruction, due to benign prostatic hyperplasia (BPH), occurs frequently in men after middle age. Decisions regarding the surgical treatment of BPH and outcome prediction are currently based on symptomatic evidence of outflow obstruction (hesitancy, poor stream, terminal dribbling, frequency & nocturia, urgency and incontinence ) and retention of urine.
Attempts to develop objective diagnostic measures of outlet obstruction on the basis of urodynamics have examined the effects of obstruction on patterns of urinary flow, bladder pressure and pressure/flow combinations. However, these output measures depend on the properties of both the urethra and the bladder itself. These two components must be separated in order to diagnose outlet obstruction.
Bladder mechanics may be examined in terms of bladder hydrodynamics: the relation between a perturbing volume of water introduced into the bladder and the evoked pressure change. In this paper we will use the system identification approach to study bladder hydrodynamics and obtain quantitative descriptions of the effects of obstruction on bladder mechanics.
METHODS
Female minipigs were given general anesthesia and their bladders surgically exposed through an abdominal incision. Three plastic tubes were inserted into the bladder and sewn to the wall: (1) a 5.5 " I D , stiff tube connected to an oscillatory pump whose flow rate was computer controlled to deliver a pseudorandom volume stimulus to the bladder; (2) a 1 mmID tube connected to a perfusion pump (DISA 21H04) for filling the bladder to various volumes; (3) a 1 "ID tube connected to a pressure transducer (KAVLICO Model P6 1 2).
Bladder hydrodynamics were assessed at different volumes as follows: Starting with the bladder in an unstrained state, the bladder volume was inmased by a fixed amount (20 to 50 ml). After waiting 2 minutes for conditions to stabilize, random volume perturbation were applied for 20 seconds. The perturbation volume and evoked pressure response were sampled at 50 Hz by a 12 bit A/D for 20 seconds. The procedure was repeated until a volume of 3OOml was attained. The procedure was then reversed and the bladder volume gradually returned to the unstrained state.
Frequency analysis techniques were used to obtain nonparametric estimates of the bladder hydrodynamic stiffness in t e m of gain. phase and coherence-squared relations between the volume and pressure. When frequency responses were modeled with structure 
RESULT
Six animals, were examined, three normal and three which had been subjected to obstruction by placing an artificial sphincter cuff around the bladder neck for 12 weeks. In fact, as shown in Figure 3 , the elastic parameter, K increased linearly with bladder volume. Linear regression was used to estimate the slope of this relation. It should be noted that since the bladder size was different in each animal, it was normalized as strain 
CONCLUSION
These results demonstrate that the elasticity of the bladder increases linearly with volume increasing in both normal and obstructed animals. However, the rate of increase was substantially greater in the obstructed animals than in the normals. This approach shows promise for distinguishing normal and obstructed bladder mechanics.
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